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Abstract
ηc- and J/Ψ-nucleus bound state energies are calculated for various nuclei. Essential input for the calcula-
tions, namely the medium-modified D and D∗ meson masses, as well as the density distributions in nuclei,
are calculated within the quark-meson coupling (QMC) model. The attractive potentials for the ηc and J/Ψ
mesons in the nuclear medium originate, respectively, from the in-medium enhanced DD∗ and DD¯ loops
in the ηc and J/Ψ self energies. Our results suggest that the ηc and J/Ψ mesons should form bound states
with all the nuclei considered when they are produced at rest inside the nucleus.
1. Introduction
The study of the interactions of charmonium
states, such as ηc and J/Ψ, with atomic nuclei offers
opportunities to gain new insight into the proper-
ties of the strong force and strongly interacting mat-
ter [1, 2]. Because charmonia and nucleons do not
share light quarks, the Zweig rule suppresses inter-
actions mediated by the exchange of mesons made
of light quarks. It is therefore vital to explore other
potential sources of attraction which could poten-
tially lead to binding of charmonia to atomic nuclei.
A large body of work looking for alternatives
to the meson-exchange paradigm has accumulated
over the last three decades [3, 4, 5, 6]. There
are works based on the charmonium color polar-
izability [7, 8], responsible for long-range van der
Waals type of forces [9, 10, 12, 11, 13, 14, 15, 16].
Others employ charmed meson loops, with light
quarks created from the vacuum [13, 17, 19, 18, 20].
There are studies based on QCD sum rules [21, 22,
23, 24] and phenomenological potentials [25, 26].
More recently, there appeared lattice QCD sim-
ulations of the binding of charmonia to nuclear
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matter finite nuclei [27], as well as light mesons
and baryons [28]. The lattice QCD simulations
of Ref. [27] have demonstrated that quarkonium-
nucleus bound states exist for A < 5. Ref. [27]
also infers a charmonium-nuclear matter binding
energy BNM ∼ 60 MeV. However, these simula-
tions have been performed at the flavor SU(3)-
symmetric point, with unphysical pion masses,
mpi ∼ 805 MeV.
Model studies have suffered from scarce ex-
perimental data on the low-energy charmonium-
nucleon interaction. However, this situation started
to change with the recent measurement, by the
JLab GlueX Collaboration [29], of the γ p→ J/Ψ p
total cross section near threshold. It will fur-
ther improve with the completion of other close-
to-threshold J/Ψ photoproduction experiments at
JLab [30, 31]. Regarding production on nuclei,
there is a JLab proposal to measure J/Ψ pho-
toproduction off the deuteron [32]. From the
theory side, lattice QCD simulations of the free-
space charmonium-nucleon interaction have be-
come available within the last decade [33, 34, 35, 36,
37]. Unfortunately they have either been quenched
or used large pion masses, which therefore require
extrapolation to the physical mass [16].
Although crucial for constraining models, exper-
imental knowledge of the free-space charmonium-
nucleon interaction is not enough for assessing
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the likelihood of charmonium binding in nuclei.
The overwhelming evidence that the internal struc-
ture of hadrons changes in medium [38, 39, 4, 6]
must be taken into account when addressing char-
monium in nuclei. As shown in previous stud-
ies [13, 17, 19, 18, 20], the effect of the nuclear mean
fields on subthreshold DD¯ states is of particular
relevance. Those studies have revealed that modi-
fications induced by the strong nuclear mean fields
on the D mesons’ light-quark content enhance the
self-energy in such a way as to provide an attrac-
tive J/Ψ−nucleus effective potential. In the present
paper we extend and update our previous study on
the J/Ψ-nucleus bound states [17, 19] to the case of
ηc charmonium. ηc-nucleus bound states have also
been predicted in other approaches [1, 2, 11, 21, 24],
albeit with predictions for the binding energies
varying over a wide range.
It is worth stressing that compared to the situ-
ation for the lighter φ meson [40, 41, 42, 43, 44,
45, 46, 47, 48, 49], which couples strongly to above-
threshold KK¯ states, the charmonium states are
expected to have a small width in medium. More-
over, since charmonia are heavier than the φ meson,
they are expected to move slower than the φ meson
once produced near threshold inside a nucleus. As a
result, one might expect charmonia to have a larger
probability to form nuclear bound states than the
φ meson, while the signal for the formation of such
bound states may be experimentally cleaner.
This paper is organized as follows. In Sec. 2 we
discuss the computation and present results for the
mass shift of the ηc in symmetric nuclear matter.
Using the results of Sec. 2, together with the density
profiles of the nuclei calculated within the quark
meson coupling model, in Sec. 3 we present results
for the scalar ηc-nucleus potentials, as well as the
corresponding bound state energies. In Sec. 4 we
give our updated results for the mass shift of the
J/Ψ meson in symmetric nuclear matter, the re-
sults for the scalar J/Ψ-nucleus potentials and the
corresponding bound state energies. Finally, Sec. 5
is devoted to a summary and conclusions.
2. Calculation of the ηc and J/Ψ scalar po-
tentials in symmetric nuclear matter
For the computation of the ηc and J/Ψ scalar
potentials in nuclear matter we use an effective La-
grangian approach at the hadronic level [50]. The
interaction terms for the ηcDD
∗ and J/ΨDD ver-
tices are given by
LηcDD∗ = igηcDD∗(∂µηc)
[
D¯∗µ ·D − D¯ ·D∗µ] (1)
LψDD = igψDDψµ
[
D¯ · (∂µD)− (∂µD¯) ·D
]
, (2)
where we have denoted the J/Ψ vector field by ψ,
D(∗) represents the D(∗)-meson field isospin dou-
blet, and gηcDD∗ and gψDD are coupling constants
to be specified below.
The interaction Lagrangians in Eqs. (1)-(2) be-
long to a set that is an SU(4) extension of
light-flavor chiral-symmetric Lagrangians of pseu-
doscalar and vector mesons. In the light flavor u
and d quark sector, they have been motivated by
a local gauge symmetry principle, treating vector
mesons either as massive gauge bosons or as dynam-
ically generated gauge bosons. Then local gauge
symmetry demands the contact interaction LCI =
gψDD¯2ψµψ
µDD¯ term, involving two pseudoscalar
mesons and two vector mesons. On the other hand,
the effective interaction Lagrangian without the
contact term may be considered as being motivated
by the hidden gauge approach [51, 52]. This is
in contrast to the approach of using the minimal
substitution to introduce vector mesons as gauge
particles where such four-point vertices do appear.
These two methods have been shown to be consis-
tent if both the vector and axial vector mesons are
included [53, 54, 55, 56]. Thus, for the vector meson
case, we provide results witiout LCI.
We use the effective interaction Lagrangians in
Eqs. (1)-(2) to compute the ηc and J/Ψ self energies
in vacuum and symmetric nuclear matter, following
our previous works [17, 18, 19, 20, 45, 46, 47, 48, 49].
In this section we focus on the ηc meson.
Using Eq. (1), and considering only the would be
dominant DD∗ loop, the ηc self-energy is given by
Σηc(k
2) =
4g2ηcDD∗
pi2
∫ ∞
0
dk k2I(k2) (3)
for an ηc at rest, where
I(k2) =
m2ηc(−1 + k0 2/m2D∗)
(k0 + ωD∗)(k0 − ωD∗)(k0 −mηc − ωD)
∣∣∣∣∣
k0=mηc−ωD∗
+
m2ηc(−1 + k0 2/m2D∗)
(k0 − ωD∗)(k0 −mηc + ωD)(k0 −mηc − ωD)
∣∣∣∣∣
k0=−ωD∗
,
(4)
and ωD(∗) = (k
2 +m2
D(∗))
1/2, with k = |~k|. The in-
2
tegral in Eq. (3) is divergent and thus needs regular-
ization. For this purpose we employ a phenomeno-
logical vertex form factor
uD(∗)(k
2) =
(
Λ2
D(∗) +m
2
ηc
Λ2
D(∗) + 4ω
2
D(∗)(k
2)
)2
, (5)
with cutoff parameter ΛD(∗) , as in Refs. [17, 18, 19,
20, 45, 46, 47, 48, 49]. Thus, to regularize Eq. (3)
we will introduce the factor uD(k
2)uD∗(k
2) into
the integrand. The main uncertainty here is the
value of the cutoff mass ΛD (for simplicity we use
ΛD∗ = ΛD). In a simple-minded picture of the ver-
tices, the cutoff masses are related to the extension
of the overlap region of the mesons participating
in the vertex and therefore should depend on the
spatial distributions of the wave functions of these
mesons. One can estimate an approximate value of
ΛD by using a quark model calculation of the form
factors [17]. Using a 3P0 model for quark-pair cre-
ation and Gaussian wave functions for the mesons,
an expression for the vertex form factor can be writ-
ten down [17]. By requiring that this quark model
form factor and the more phenomenological form
factor of Eq. (5) have the same root mean square
radii, an estimate for ΛD was obtained in Ref. [17]:
Λ ≈ 2500 MeV. This is indeed a rough estimate
but it serves as a reasonable guide to the order of
magnitude of ΛD. In view of this, the sensitivity of
the results to the cutoff value is analyzed below, by
allowing the cutoff mass ΛD to vary in the range
1500 ≤ ΛD ≤ 3000 MeV.
Because SU(4) flavor symmetry is strongly bro-
ken in Nature, we use experimental values for the
meson masses [57] and empirically known values for
the coupling constants, as explained below. For the
D meson mass, we take the averaged masses of the
neutral and charged states, and similarly for the
D∗. Thus mD = 1867.2 MeV and mD∗ = 2008.6
MeV. For the coupling constants we use gψDD =
7.64 and gηcDD∗ = 0.60gψDD, where the former
value was obtained in Ref. [58] using the vector me-
son dominance model and isospin symmetry. The
latter relation is motivated by a recent calculation
in Ref. [59], as the residue at the poles of suitable
form factors using a dispersion formulation of the
relativistic constituent quark model. We mention
that recent investigations of SU(4) flavor symmetry
breaking in hadron couplings of charmed hadrons
to light mesons are not conclusive; while two stud-
ies based on Schwinger-Dyson equations of QCD
find large deviations from SU(4) symmetry [60, 61],
studies using QCD sum rules [62, 63], a constituent
quark model [64] and a holographic QCD model [65]
find moderate deviations.
We are interested in the difference between the
in-medium, m∗ηc , and vacuum, mηc , masses of the
ηc,
∆mηc = m
∗
ηc −mηc , (6)
with the masses obtained self-consistently from
m2ηc = (m
0
ηc)
2 + Σηc(k
2 = m2ηc), (7)
where m0ηc is the bare ηc mass and Σηc(k
2) is given
by Eq. (3). The ΛD-dependent ηc-meson bare mass,
m0ηc , is fixed by fitting the physical ηc-meson mass,
mηc = 2983.9 MeV.
The in-medium ηc mass is obtained similarly,
with the self-energy calculated with the medium-
modified D and D∗ masses. The nuclear density
dependence of the ηc-meson mass is driven by the
intermediate-state D and D∗ meson interactions
with the nuclear medium through their medium-
modified masses. The in-medium masses m∗D and
m∗D∗ are calculated within the quark-meson cou-
pling (QMC) model [17, 18], in which effective
scalar and vector meson mean fields couple to the
light u and d quarks in the charmed mesons [17, 18].
The QMC model has proven to be very success-
ful in studying the properties of hadrons in nuclear
matter and finite nuclei [69, 70, 66, 67, 68]. This
model considers infinitely large, uniformly symmet-
ric, spin-isospin-saturated nuclear matter in its rest
frame, where all the scalar and vector mean field po-
tentials, which are responsible for the nuclear many-
body interactions, become constant in the Hartree
approximation [69, 70, 66].
In Fig. 1 we present the resulting medium-
modified masses for the D and D∗ mesons, cal-
culated within the QMC model, as a function of
ρB/ρ0, where ρB is the baryon density of nuclear
matter and ρ0 = 0.15 fm
−3 is the saturation density
of symmetric nuclear matter. The net reductions in
the masses of the D and D∗ mesons are nearly the
same as a function of density, with each decreasing
by around 60 MeV at ρ0.
The behaviour of the D meson mass in medium
(finite density and/or temperature) has been stud-
ied in a variety of approaches. Some of these [71, 72,
73] find a decreasing D meson mass at finite baryon
density, while others [74, 75, 76, 77, 78], interest-
ingly, find the opposite behaviour. However, it is
3
0 0.5 1 1.5 2 2.5 3
ρB/ρ0 (ρ0= 0.15 fm
-3)
1700
1800
1900
2000
m
* D
, D
* 
(M
eV
)
m*D*
m*D
Figure 1: In-medium D and D∗ meson masses calculated
within the QMC model.
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Figure 2: ηc mass shift as a function of the nuclear matter
density for various values of the cutoff parameter.
important to note that none of the studies in nu-
clear matter are constrained by the saturation prop-
erties of nuclear matter, although it is constrained
in the case of the present work. Furthermore, some
of these works employ a non relativistic approach
and relativistic effects might be important.
In Fig. 2, we present the ηc-meson mass shift,
∆mηc , as a function of the nuclear matter density,
ρB , normalized to ρ0, for four values of the cutoff
parameter ΛD. As can be seen from the figure, the
effect of the in-medium D and D∗ mass change is to
shift the ηc mass downwards. This is because the
reduction in the D and D∗ masses enhances the
DD∗-loop contribution in nuclear matter relative
to that in vacuum. This effect increases the larger
the cutoff mass ΛD. Some values for the ηc mass
shift for various values of the nuclear matter density
and cutoff parameter are given in Table 1. The
ρB/ρ0 ΛD = 1500 ΛD = 2000 ΛD = 2500 ΛD = 3000
0.5 -7.9 -9.7 -11.9 -14.3
1.0 -14.1 -17.2 -20.9 -25.1
1.5 -19.0 -23.1 -28.0 -33.6
2.0 -23.1 -27.9 -33.7 -40.3
2.5 -26.4 -31.9 -38.4 -45.8
3.0 -29.2 -35.2 -42.4 -50.4
Table 1: ηc mass shift at various values of the nuclear mat-
ter density ρB/ρ0 for different values ΛD. All dimensionful
quantities are given in MeV.
results described above support a small downward
mass shift for the ηc in nuclear matter and open
the possibility to study the binding of ηc mesons to
nuclei, to which we turn our attention in the next
section.
3. ηc-nucleus bound states
We now discuss the situation where the ηc-meson
is produced inside a nucleus A with baryon density
distribution ρAB(r). The nuclei we consider here are
4He, 12C, 16O, 40Ca, 48Ca, 90Zr, 197Au, and 208Pb.
Their nuclear density distribution are also calcu-
lated within the QMC model, except for 4He, whose
parametrization was obtained in Ref. [79]. Using a
local density approximation, the ηc-meson potential
within nucleus A is given by
VηcA(r) = ∆mηc(ρ
A
B(r)), (8)
where r is the distance from the center of the nu-
cleus.
In Fig. 3 we present the ηc-meson potentials for a
selection of the nuclei mentioned above and various
values of the cutoff parameter ΛD. From the figure
one can see that the ηc potential in nuclei is attrac-
tive in all cases but its depth depends on the value
of the cutoff parameter, being deeper the larger ΛD
is. For example, it varies, from -18 MeV to -32 MeV
for 4He and from -15 MeV to -26 MeV for 208Pb,
when the cutoff varies from 1500 MeV to 3000 MeV.
This dependence is, indeed, an uncertainty in the
results obtained in our approach.
Using the ηc-meson potentials obtained in this
manner, we next calculate the ηc-meson–nucleus
bound state energies for the nuclei listed above by
solving the Klein-Gordon equation(−∇2 + µ2 + 2µV (~r))φηc(~r) = E2φηc(~r), (9)
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Figure 3: ηc-nucleus potentials for various nuclei and values of the cutoff parameter ΛD.
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Bound state energies
n` ΛD = 1500 ΛD = 2000 ΛD = 2500 ΛD = 3000
4
ηcHe 1s -1.49 -3.11 -5.49 -8.55
12
ηcC 1s -5.91 -8.27 -11.28 -14.79
1p -0.28 -1.63 -3.69 -6.33
16
ηcO 1s -7.35 -9.92 -13.15 -16.87
1p -1.94 -3.87 -6.48 -9.63
40
ηcCa 1s -11.26 -14.42 -18.31 -22.73
1p -7.19 -10.02 -13.59 -17.70
1d -2.82 -5.22 -8.36 -12.09
2s -2.36 -4.51 -7.44 -10.98
48
ηcCa 1s -11.37 -14.46 -18.26 -22.58
1p -7.83 -10.68 -14.23 -18.32
1d -3.88 -6.40 -9.63 -13.41
2s -3.15 -5.47 -8.54 -12.17
90
ηcZr 1s -12.26 -15.35 -19.14 -23.43
1p -9.88 -12.86 -16.53 -20.70
1d -7.05 -9.87 -13.38 -17.40
2s -6.14 -8.87 -12.29 -16.24
1f -3.90 -6.50 -9.81 -13.65
197
ηc Au 1s -12.57 -15.59 -19.26 -23.41
1p -11.17 -14.14 -17.77 -21.87
1d -9.42 -12.31 -15.87 -19.90
2s -8.69 -11.53 -15.04 -19.02
1f -7.39 -10.19 -13.70 -17.61
208
ηc Pb 1s -12.99 -16.09 -19.82 -24.12
1p -11.60 -14.64 -18.37 -22.59
1d -9.86 -12.83 -16.49 -20.63
2s -9.16 -12.09 -15.70 -19.80
1f -7.85 -10.74 -14.30 -18.37
Table 2: ηc-nucleus bound state energies for different values
of the cutoff parameter ΛD. All dimensionful quantities are
in MeV.
where µ = mηcmA/(mηc +mA) is the reduced mass
of the ηc-meson-nucleus system with mηc (mA)
the mass of the ηc-meson (nucleus A) in vacuum,
and V (~r) is the ηc-meson-nucleus potential given in
Eq. (8).
The bound state energies (E) of the ηc-nucleus
system, given by E = E − µ, where E is the en-
ergy eigenvalue in Eq. (9), are calculated for four
values of the cutoff parameter ΛD and are listed
in Table 2. These results show that the ηc-meson
is expected to form bound states with all the nu-
clei studied and this prediction is independent of
the value of the cutoff parameter ΛD. However,
the particular values for the bound state energies
are clearly dependent on ΛD, namely, each of them
increases in absolute value as ΛD increases. This
was expected from the behavior of the ηc poten-
tials, since these are deeper for larger values of the
cutoff parameter. Note also that the ηc binds more
strongly to heavier nuclei. We have also solved the
Schro¨edinger equation with the potential Eq. (8) to
obtain the single-particle energies [6] and compared
these with those given in Table 2. The results found
in both cases are essentially the same.
4. J/Ψ-nucleus bound states
Using an effective Lagrangian approach (see
Eq. (2)), together with the QMC model to com-
pute the nuclear density dependence of the D and
D∗ meson masses (see Fig. 1), the J/Ψ mass shift
in nuclear matter and J/Ψ-nucleus bound states
were studied in Refs. [17, 18, 19, 20]. In these stud-
ies, the J/Ψ self-energy involved the D, D¯, D∗,
and D¯∗ mesons as intermediate states. However, it
turned out that the J/Ψ self-energy gave a larger
contribution from the loops involving the D∗ and
D¯∗ mesons.
This at first sight is unexpected, since the mass
of the D∗ (D¯∗) is heavier than that of the D
(D¯) meson by about 140 MeV in vacuum, and
the decrease of their masses in nuclear matter is
nearly the same for these mesons [17, 18, 19, 20],
see Fig. 1. This is probably associated with the
known, bad high-energy behavior of the vector me-
son propagators which appear in the self-energy cal-
culation. In the case of the most famous sponta-
neously broken gauge theory, the Standard Model,
this bad high-energy behavior is tamed by us-
ing the ’t Hooft-Feynman gauge (ξ = 1 in Rξ
gauge), which makes the behavior of the gauge
boson (W±, Z0) propagators similar to those of
(pseudo)scalar mesons [80, 81, 82, 83]. This re-
moves unphysical Goldstone-boson degrees of free-
dom. In the present case, we cannot justify the use
of such vector meson propagators. It is also impor-
tant to note that in those studies, the coupling con-
stants for the J/ΨDD∗ and J/ΨD∗D∗ vertices were
assumed to be the same as those for the J/ΨDD¯
vertex. Furthermore, no cutoff readjustments were
made for the heavier intermediate states involving
the D∗ mesons; that is, the same cutoff (ΛD) was
used in all vertex form factors. This latter issue, in
particular, should play an important role, as heavier
intermediate states induce fluctuations from shorter
distances and a accompanying readjustment of the
corresponding cutoff might be required to compen-
sate for such fluctuations. These issues call for fur-
ther investigations in the future.
In the meantime, the following updated results
for the J/Ψ meson in nuclear matter and nuclei are
obtained by considering only the lightest interme-
diate state in the J/Ψ self-energy, namely the DD¯
loop. The approach used for this is the same as we
used for the ηc and in previous works; namely, we
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Figure 4: J/Ψ mass shift as a function of nuclear matter
density for various values of the cutoff parameter.
use the effective Lagrangian of Eq. (2) to compute
the J/Ψ self energy in vacuum and in-medium, for
a J/Ψ at rest, and the QMC model to provide the
nuclear density dependence of the D and D¯ meson
masses (see Fig. 1), and the density distributions of
the nuclei considered. Thus, our estimates may be
regarded as including the minimum contributions
concerning the intermediate state meson loops.
ρB/ρ0 ΛD = 1500 ΛD = 2000 ΛD = 2500 ΛD = 3000
0.5 -2.3 -2.9 -3.7 -4.5
1.0 -4.3 -5.3 -6.6 -8.2
1.5 -5.9 -7.2 -9.0 -11.1
2.0 -7.2 -8.9 -11.0 -13.5
2.5 -8.4 -10.3 -12.7 -15.5
3.0 -9.4 -11.5 -14.1 -17.3
Table 3: J/Ψ mass shift at various values of the nuclear
matter density ρB/ρ0 for different values ΛD. All dimen-
sionful quantities are given in MeV.
In Fig. 4, we present the J/Ψ mass shift, ∆mJ/Ψ,
as a function of the nuclear matter density, ρB , for
four values of the cutoff parameter ΛD. See also Ta-
ble 3 for some particular values. These results show
a negative mass shift (attractive potential) for the
J/Ψ in symmetric nuclear matter in all cases. This
is in line with the results based on the polarizability
of charmonium [6] and also with those on the QCD
sum rules of Refs. [21, 22, 23, 24] that find a neg-
ative mass shift in the range 3 MeV ≤ |∆mJ/Ψ| ≤
10 MeV. But they are somewhat smaller than those
of a recent Lattice calculation in Ref. [27].
A negative mass shift means that the nuclear
medium provides attraction to the J/Ψ, allowing
for the possibility of bound state formation between
the J/Ψ and a nucleus. In Fig. 5 we present the
J/Ψ-meson potentials calculated for the same nu-
clei as in the ηc case and same values of the cutoff
parameter ΛD. From the figure one can see that
the J/Ψ potential in nuclei is attractive in all cases
but its depth is sensitive to the value of the cut-
off parameter, being deeper for larger values of ΛD.
As we will show below, the J/Ψ potentials are at-
tractive enough to allow the formation of the J/Ψ-
meson bound states with nuclei. For example, it
varies, from -5.5 MeV to -10.4 MeV for 4He and
from -4.5 MeV to -8.5 MeV for 208Pb, when the
cutoff varies from 1500 MeV to 3000 MeV. The sen-
sitivity of our results on the cutoff is studied below.
As mentioned above, we provide results for the
J/Ψ-nucleus bound states including only the DD¯
loop in the J/Ψ self-energy. For a spin-1 mas-
sive particle subject to a scalar potential the Proca
equation must be solved. However, for a J/Ψ me-
son produced at rest (recoilless kinematics in exper-
iments), it should be a very good approximation
to neglect the possible energy difference between
the longitudinal and transverse components of the
J/Ψ wave function (φµψ) [18, 46, 84]. After impos-
ing the Lorentz condition, ∂µφ
µ
ψ, to solve the Proca
equation becomes equivalent to solving the Klein-
Gordon equation Eq. (9).
Bound state energies (E)
n` ΛD = 1500 ΛD = 2000 ΛD = 2500 ΛD = 3000
4
J/ΨHe 1s n n -0.01 -0.02
12
J/ΨC 1s -0.18 -0.53 -1.12 -1.99
16
J/ΨO 1s -0.52 -1.03 -1.81 -2.87
40
J/ΨCa 1s -1.92 -2.78 -3.96 -5.45
1p n -0.38 -1.18 -2.32
48
J/ΨCa 1s -2.09 -2.97 -4.15 -5.62
1p -0.16 -0.73 -1.62 -2.83
90
J/ΨZr 1s -2.70 -3.65 -4.89 -6.41
1p -1.13 -1.93 -3.03 -4.43
1d n -0.08 -0.94 -2.13
2s n -0.02 -0.56 -1.56
197
J/ΨAu 1s -3.14 -4.09 -5.33 -6.84
1p -2.10 -2.98 -4.16 -5.61
1d -0.86 -1.66 -2.74 -4.11
2s -0.53 -1.23 -2.24 -3.54
1f n -0.20 -1.15 -2.40
208
J/ΨPb 1s -3.28 -4.26 -5.53 -7.08
1p -2.24 -3.16 -4.38 -5.87
1d -1.02 -1.84 -2.97 -4.38
2s -0.67 -1.41 -2.47 -3.83
1f n -0.39 -1.39 -2.69
Table 4: J/Ψ-meson–nucleus bound state energies, calcu-
lated from the Klein-Gordon equation. When |E| < 10−2
MeV we consider there is no bound state, which we denote
with “n”. All dimensionful quantities are in MeV.
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Figure 5: J/Ψ-nucleus potentials for various nuclei and values of the cutoff parameter ΛD.
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The bound state energies for the J/Ψ meson for
various nuclei are listed in Table 4. These results
show that the J/Ψ is expected to form J/Ψ-nucleus
bound states for nearly all the nuclei considered,
but only in some cases for 4He. This is insensitive
to the values of the cutoff used in the form factor.
Thus, it will be possible to search for the bound
states in a 208Pb nucleus at JLab now that the 12
GeV upgrade has been completed. In addition, one
can expect a rich spectrum of states for medium
and heavy mass nuclei. Of course, the main issue
is to produce the J/Ψ meson with nearly stopped
kinematics, or nearly zero momentum relative to
the nucleus. Since the present results imply that
many nuclei should form J/Ψ-nuclear bound states,
it may be possible to find such kinematics by careful
selection of the beam and target nuclei.
5. Summary and discussion
We have calculated the spectra of ηc- and J/Ψ-
nucleus bound states for various finite nuclei. The
meson-nucleus potentials were calculated using a
local density approximation, with the inclusion of
the DD∗ (DD¯) meson loop in the ηc (J/Ψ) self-
energy. The nuclear density distributions, as well as
the in-medium D and D∗ meson masses were con-
sistently calculated by employing the quark-meson
coupling model. Using the meson potentials in nu-
clei, we have solved the Klein-Gordon equation and
obtained meson–nucleus bound state energies. The
sensitivity of our results to the cutoff parameter ΛD
used in the vertex form factors appearing in the ηc
(J/Ψ) self-energy has also been explored.
Our results show that one should expect the ηc
and J/Ψ to form bound states for all the nuclei
studied, provided that the mesons are produced
in (nearly) recoilless kinematics, even though the
precise values of the bound state energies are
dependent on the cutoff mass values used in the
form factors. The discovery of such bound states
would represent an important step forward in our
understanding of the nature of strongly interacting
systems.
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